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in prokaryotic systems -is that they may prpduce inactive 
products because abnormal eukaryotic protein folding 
may occur in a foreign prokaryotic environment. 

It is now possible to introduce specific genes 
5 into cultured eukaryotic cells by various methods. It 
was originally found that by exposing eukaryotic cells 
to DNA which has been precipitated with Ca**, a small 
fraction of the DNA molecules will stably integrate 
into -Uie cell's chromosomal DNA. Graliam, F.L. and van 

10 der Eb. A.J.. Virology. 52:456-67 (1973). However, 

when such cells are transfected with genes which do not 
code for a selectable trait or phenotype. termed a 
"marker", the identification and expansion of such a 
transfected cell population is difficult. 

15 . Another procedure which has been used to trans- 

feet eukaryotic cells involves expression vectors based 
on the SV40 viral genome. However, the capacity of 
exogenous DNA which can be inserted in such a vector is 
severely limited due to the size of the viral capsid. 

20 (Old and Primrose, Principles of Gene Manipulation, 2d, 
Ed.., University of California Press (1981)). 

Another procedure, referred to as "co- trans- 
formation, " is currently being vised to trans feet eukar- 
yotic cells using physically unlinked sets of genes. 

25 This procedure selects for a subpopulation of cells 
competent in transfection, which cells are capable of 
integrating unlinked foreign genes into their genome at 
a higher frequency than the general population methods 
which involve the complementation of cell mutations by 

30 the co-transfer of selectable genotypes, however, are 
limited by the availability of mutant cell types which 
can serve as gene recipients. In addition when co-trans- 
fection is used to introduce both non^- selectable and 
selectable genes, both plasmids may not integrate into 

35 the same region of the recipient cell's DNA and/or may 
not integrate into an active region of the chromosome . 
As a result, expression of the desired -gene product in 
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the transfected cell may occur at relatively low levels, 
if at all. 

Some transfection procedures have been devel- 
oped for prokaryotes in which the vectors comprise a 
5 tandem arrangement of a plurality of genes. These pro- 
cedures have not found much application in eukaryotic 
systems because normal eukaryotic mRNA's, unlike pro- 
karyotic mRNA's, usually contain only a single cistron 
which is translated from a unique initiation site into 

10 a single protein. M. Kozak (Cell. 34:971-78 (1983)) 
has proposed that the eukaryotic ribosome scans the 
mRNA from the 5' end until it encounters the first ATG 
initiation codon at which protein synthesis initiation 
occurs. Translation continues until the first stop 

15 codon, at which translation terminates, is read and the 
ribosome disassociates from the mRNA, thus preventing 
the reading of other initiation codons. When more than 
one protein is encoded by a specific mRNA in a eukaryotic 
cell, protein processing of a precursor is generally 

20 responsible for generating multiple proteins. 

Very recently, it has been found that some 
eukaryotic mRNA species contain more than one cistron, 
each with an independent initiation codon so that ini- 
tiation and translation of proteins encoded by each 

25 cistron can occur. Multicistronic eukaryotic mRNA's, 
usually found in viral systems, may have a regulatory 
role in nature (Kozak, M. Cell 47: 481-483 (1986)). 
because the downstream genes are always expressed at 
lower levels (Peabody, D. and Berg, P. Mol. Cell Biol. 

30 6: 2695-2703 (1986)). This property of differential 
expression of two tandem genes has not heretofore been 
utilized to design expression vectors that will over- 
produce the desired recombinant prodti.ct relative to the 
selectable phenotype. 



35 
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SXTOMARY OF THE INVENTION 
The present invention provides methods and 
compositions for the improved transfectioii of eukaryotic 
cells such that they express a desired gene product 
5 with greater efficiency and specificity than has here- 
tofore been achieved. Such gene products usually take 
the form of the production of a foreign gene product 
which cannot be directly selected and may hot be easily 
assayed, thus making^ clones producing such foreign pro- 

10 ducts difficult to isolate. Such gene products Include, 
but are in no way limited to, human growth hormone 
(hGH) , human tissue plasminogen activator (t-PA) and 
erythropoetin (EPO). 

The transfection of the present invention is 

15 accomplished by transfecting a eukaryotic cell with the 
novel eukaryotic expression vector of the present in- 
vention. The vector contains a structural DNA sequence 
coding for the desired gene product physically linked 
.. with a DNA sequence coding for a selectable phenotype 

20 which allows selection of the transfected cells. Because 
tiie two DNA sequences are physically linked to one an- 
other and depend on a common promotor, successfully 
transfected cells will contain the DMA sequences for 
both the desired gene product and 'the selectable pheno- 

25 type. Thus, cells containing the DNA sequence coding 
for, and hence expressing, the desired gene product may 
be indirectly selected by selecting those cells which 
express the selectable phenotype. 

The - selectable phenotype is any one which . 

30 allows selecti on of a subpopulation of transfected cells. 
Such selectable phenotypes are generally those which 
. are not expressed in an untransformed cell but allow 
survival and growth of transfected cells in the presence 
of a particular agent. Such agents include, but are- 

35 not limited to, aminoglycoside antibiotic G418, or metho- 
trexate each of which is generally toxic to the untrans- 
formed cell population. The DNA of the transfected cells 
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contains DNA sequence coding for neomycin phosphotrans- 
ferase (neo), dihydrofolate reductase (dhfr) and thymi- 
dine kinase (Tk), respectively. After transf ection the 
cells are exposed to an environment containing the toxic 
5 agent in sufficient concentration such that those cells 
which do not express the selectable phenotype cannot 
survive. The surviving cells must, therefore, contain 
the DNA sequence coding for the selectable phenotype 
and the DNA sequence which codes for the desired poly- 
10 peptide. 

The transfecting vector of the present inven- 
tion is generally comprised of a plasmid having a single 
eukaryotic promotor physically linked to a stnictural 
DNA sequence coding for the desired polypeptide and a 

15 DNA sequence coding for the selectable phenotype, fol- 
lowed by a signal for poly-adenylation. Preferably, 
the DNA sequence coding for the desired polypeptide is 
disposed between the eukaryotic promotor and the DNA 
sequence coding for the selectable phenotype. It is 

20 also preferred that the selectable phenotype is one 
that is not expressed in the untransf ormed cell. In 
one embodiment, the vector includes a plurality of 
promotor sequences of DNA. Further, the promotor in- 
cludes eukaryotic enhancer sequences of DNA. Eukaryotic 

25 promotors and enhancers which have been shown to be 

useful include those derived from Harvey murine sarcoma 
virus and SV-40 virus. The vectors of the present in- 
vention are useful in a large variety of eiik?iryotic 
host cell lines including many laboratory cell lines. 

30 The present invention also provides methods 

for synthesizing native polypeptides by transfecting 
eukaryotic cells with recombinant DNA of the present 
invention. 

The present invention provides novel methods 
35 for producing a desired protein in a eukaryotic cell 
comprising the steps of: 
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(a) forming a eukaryotic dicisstronic expres- 
sion vector, which vector comprises: 

(i) an intron-contaxning structural DNA 
sequence which codes for the desired protein, and 
5 (ii) a second DNA seqiience which codes 

for a selectable protein; 

wherein the sequences are operably linked to 
one ajxother and depend on one common promoter; and 

(b) transfecting a eukaryotic cell with the 
10 vector and allowing this cell to grow under conditions 

favorable to the production of the selectable protein. 

Preferably the promoter controlling the ex- 
pression of the desired protein and selectable protein 
comprises a plurality of long term repeat regions of 

15 the Harvey murine sarcoma virus and the DNA sequence 
coding for the desired protein is operably disposed 
between the eukaryotic promoter and the DNA sequence 
coding for the selectable protein. Methods are further 
provided, in specific embodiments of this invention, 

20 whereby the recombinant DNA of the present invention 
results in the production of human tissue- plasminogen 
activator or erythropoetin. 

A method is further provided, according to 
the preceding paragraphs, wherein ia portion of the DNA 

25 secpience coding for t-PA is derived from genomic DNA 

and contains at least one intron of between about l-2kb. 
Preferably, the genomic portion of the DNA sequence 
coding for t-FA is a Bel I - Bgl II fragment of the 
human t-PA gene containing a portion of the 5 ' untrans- 

30 lated region. 

This invention further contemplates a method 
for producing t-PA in a eukaryotic cell compromising 
forming a eukaryotic expression vector that comprises a 
cDNA sequence and a genomic DNA sequence with at least 

35 one intron between about l-2kb; and transfecting the 
cell with the vector. Preferably the genomic DNA se- 
quence is a Bel I - Bgl II fragment of the human t-PA 
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gene containing a portion of a 5' untranslated region 
and Intron A. Particularly preferred are the introns 
"A" to "F", using the designations of My et al., Proc. 
Nat'l Acad. Sci USA (1984) 81: 5355-5359 incorporated 
5 by reference herein, which describes the hiiinan tissue- 
type plasminogen activator gene and the exon- intron 
relationship. The sequence employed in connection with 
the coding sequence for t-PA will be characterized by 
having at least one intron between about 0.5 - 3 . Okb 

10 more usually between about 1 and 2 kb and most prefera- 
bly about 1.6 to 1.7 kb. 

This invention further contemplates a method 
for producing EPO in a eukaryotic cell comprising form- 
ing a eukaryotic expression vector that comprises a 

15 structural DNA sequence encoding EPO which contains at 
least one intron of at least about 100 bp; and trans- 
fecting the cell with the vector. The sequence employed 
in connection with EPO will be characterized by having 
at least one intron between about 0.1- 3kb, more usually 

20 between about 0.1 and Ikb. Preferably the sequence 

will be characterized by having about 5-6- introns ranging 
in size from about 0.1 kb to Ikb. 

This invention further contemplates eukaryotic 
cells which have been transfected by the methods de- 

25 scribed above, the recombinant. DNA material produced by 
the above methods, and the vectors formed in the above 
methods . 

The following terms are defined: 

A "dicistronic vector" contains the DNA se- 

30 quence of two genes that are operably linked such that 
they are capable of being transcribed from a single 
promoter into a mRNA promoter and such that a cell trans- 
fected by such a vector is capable of. expres.?ing the 
gene products from both of the genes. 

35 An "intron-containing structural DNA sequence" 

is a DNA sequence which codes for a structural protein 
and contains at least one intron, but no mor^ than about 



wo 88/05466 PCT/US88/00109 

8 

. 13 introns, usually 2 to 8 introns. The introns which 
are employed may be naturally occurring introns" associ- 
ated with the sequence coding for the desired protein, 
or introns associated with the sequence coding for the 
5 desired protein or introns derived from a different 
mammalian gene. The precise placement of the introns 
may vary, but will typically be situated in the same 
location as iEound in the naturally occurring state. 

A "desired protein" may be any of the variety 
10 of well-known recombinant proteins, particularly any of 
those having commercial value such as enzymes, hormones 
or those having antibiotic activity. Such proteins 
also include glycoproteins ' and lipoproteins. 

A "selectable protein" is one that typically 
15 allows a cell to be selectively grown in a culture en- 
vironment which otherwise would generally prevent growth 
of the cell. 

"Operably linked" refers to expressible DNA 
sequences that are under the control of a promoter, 
20 e.g., such that a dicistronic mRNA is produced. 

The manner in which these and other objects 
and advantages of the invention may be obtained will 
appear more fully from the detailed description of the 
invention which follows. and from the accompanying draw- 
25 ings related thereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 illustrates the structure of the 
eukaryotic expression plasmid pLTR-hGH-neo . The fol- 

30 lowing components have been incorporated into the plasmid: 
sequences from HaSV (filled in segments) including three 
LTR regions (open boxes); sequences coding for hCH (stipled 
box) , sequences derived from Tn5 encoding the neo gene 
(hatched box) , sequences from SV-40 containing the poly- 

35 adenylation site (cross-hatched box), and bacterial 
plasmid vector pML (solid line). 
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Figure 2 illustrates the Northern blot analy- 
sis of cellular RNA from clone D4 containing the plasmid 
pLTR-hGH-neo, and described in detail below. Cellular 
RNA was prepared and analyzed as described. Lane 1 
5 contains the cellular RNA hybridization with hGH probe; 
Lane 2 contains the cellular RNA hybridization with neo 
probe . 

Figure 3 illustrates the characterization of 
cellular RNA from clone D4 and plasmid pLTR-hGH-neo as 
10 determined by SI nuclease analysis. 

a. DNA was labeled at the Bam HI, Bgl II or 

Sal I sites and then digested with Eco RI as indicated. 

32 

b. Cellular RNA was annealed to P-labeled 
DNA fragments and then digested with Si nuclease. The 

15 DNA fragments were fractionated on 1.5% agarose gel in 
30 mM NaOH and identified by autoradiography. Lane 1 
contains plasmid DNA labeled at the Bgl II site annealed 
to raRNA SI digested; Lane 2 contains plasmid DNA labeled 
at Sal I site annealed to mRNA and 31 digested; Lane 3 

20 contains plasmid DNA labeled at Bgl II site; and Lane 4 
contains plasmid DNA labeled at Sal I site. 

c. For DNA markers in this experiment, plasmid 
DNA was first labeled at the Bam HI site and then digested 
with Xba I, Sal I, or Kpn I. These three enzymes cleave 

25 within the LTR sequence (indicated by double line). 

d. Plasmid DNA labeled at Bam HI site was 
hybridized with mRNA and then digested with SI nuclease. 
The DNA fragments protected from SI nuclease digestion 
were fractionated on a 5% acrylamide - 7M urea gel. 

30 The Bam HI labeled DNA fragment that was used as marker 
DNA was subcut with the following enzymes: Lane 1. Xba 
I; Lane, 2 Sac I; Lane 3, Kpn I. Lane 4 contains the 
annealed and Si digested protected fragment. 

Figure 4. Southern Blot analysis of cellular 

35 DNA from clone D4. Cellular DNA from vmtransf ected 
Cj^27> (Lans A) and clone D4(Lane B) was digested with 
restriction enzymes as indicated and hybridized with a 
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"'^P-iabeled probe containing hGH sequences as described. . 

Figure 5 illustrates the analysis, of super- 
natant proteins from clone D4. Supernatant proteins 

35 

from clone D4 and 0^27^®^^® were labeled with Smethio- 
5 nine and immuno-precipitated. 

a. A comparison of immuno-precipitated and 
nonprecipitated proteins from tlie cell culturis medium. 

125' 

Lane 1 contains I-labeled standard hGH; Lane 2 con- 
tains clone D4 proteins precipitated with anti-hGH serum;' 
10 and Lane 3 contains clone D4 proteins. 

b. A comparison of the cytoplasmic proteins 

of clone D4 that have been immuno-precipitated with 

125 

various antisera. Lane 1 contains , I-labeled standard 

14 

hGH; Lane 2 contains c- labeled molecular weight markers; 

15 lane 3 contains D4 proteins precipitated with anti-neo 
sertim; Lane 4 contains D4 proteins precipitated with 
nomal rabbit serum; Lane 5 contains D4 proteins pre- 
cipitated with anti-hGH serum; and Lane 6 contains D4 
proteins precipitated with normal mouse serum. 

20 c. Partial chymotryptic digest of immuno- 

precipitated protein from the supernatant of clone D4. 
Lane 1 contains . immuno-precipitated supernatant protein 
from clone D4; Lane 2 contains the same protein partially 

digested with chymo trypsin; Lane 3' contains authentic 
125 

25 bSS labeled with I; and Lane 4 contaiiis commercially 
obtained hGH (Sigma Biochemical) partially digested 
with chymotrypsin. Figure 6 shows the construction of 
hGH expression plasmids. Two eukaryotic viral promoters 
were utilized from the hGH plasmids. 
30 a. The plasmid containing the LTR promoter 

and the neo gene (pneo5) was obtained from M. Kreigler 
(kreigler and Botchan, 1983). For pLTR-hGH-neo, se- 
quences coding for hGH were excised from a cDNA clone 
{Martial et al, (1979)) with Hind III and inserted into 
35 a converted Bgl II site. The plasmid pLTR-hGHr-neo 
contains the hGH sequences in opposite orientation to 
the promoter. In order to delete two of the three LTR 
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segments. pLTR-hGH-neo was digested with Xba I which 
has one recognition site in each LTR. and the plasmid 
was religated (pLTR'-hGH-neo) . The plasmid in which 
all three LTRS have been deleted (phGH-neo) was obtained 
as a spontaneous mutation during propagation in E. coli. 

b. The SV-40 early promoter was contained 
in the plasmid pSV201-dhfr which was obtained from P. 
Berg (Subramani. Mulligan, and Berg. 1982). The hCH 
gene was inserted downstream from the SV-20 promoter at 
the Hind III site to generate pSV-hGH-dhf r . This plasmid 
was then modified to include the neo gene by an exchange 
of Bam HI fragments between pSV-hGH-dhfr and pLTR-hGH-neo . 

Figure 7 illustrates the steps leading to the 
construction of transfection plasmids pPA003 and pPAOOS. 
^5 a. The DNA sequence of the amino terminal 

region of the t-PA gene extending from Intron A through 
the coding region and 5' untranslated region to Intron 
A' The dashed line shows the structure and sequence 
of the amino terminal region of the t-PA chromosomal 
20 gene as it is fused to t-PA cDNA to generate a hybrid 
genomic DNA-cDNA gene. 

b. The Sequence of the synthetic "pre-pro" 
amino terminal region is shown. Synthetic DNA frag- 
ments were annealed to give 50 and 60 bp double stranded 
25 oligonucleotides with Bam HI or Bgl II and Nar I termini. 
The individual single stranded oligomers are indicated 
in boxes. The two double stranded segments were cloned 
separately in pUC9 that had been treated with BamH I 
and Nar I (a). These segments were removed by treatment 
30 of the recombinant pUC9 plasmids with Xho II and Nar I. 

the- small t-PA DNA fragments were purified and ligated 
- with pUC9 that had been treated with BamH I. This gen- 
erated the entire pre-pro sequence. This sequence was 
excised from pUC9 by treatment with Xho II and cloned 
35 into the Bgl II site of the amino terminus of the t-PA 
cDNA to give plasmid pPAOOS (b) . 
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c ' The Nar l' fragment of pPAl03 extending 
from intron'A' to a Nar I site in t-PA cDNA was inserted 
into PPA104. This allowed removal of a 3.3 Kb Bel I-Bgl 
II fragment oontaining the Bgl II site. This fragment 
5 was ligated into pneoS resulting. in pPAOOB. the genomic 
hybrid t-PA expression plasmid. 

d. This Figure illustrates plasmid pPAOOS. 
This t-PA expression plasmid was made from synthetic 
DNA encoding the pre-pro region ligated to the cDNA 

10 encoding mature t-PA. 

Figure 8 shows the results of Northern blot 
analysis on poly-adenylated mRNA taken from cells trans- 
■f ected with the pLTR-tPA-neo plasmids of Figure 7 . 

Figure 9 illustrates the Northern blot analy- 
sis of cellular RNA from clones derived from CHL-1 cells 
transf ected with pPA003.. The probe used in this analysis 
was the 1.6kb Bgl II fragment containing t-PA cDNA. 

Figure 10 illustrates the complimentarity of 
cellular RNA from clone M5A6 with the LTR promoter. 
The plasmid pneoS was digested with Eco Rl and Bgl II, 
the fragment was isolated, and then labeled with poly- 
nucleotide kinase. The labeled fragment was annealed 
with total RNA from- clone M5A6, and then digested with 
SI nuclease. The DNA fragments protected from SI di- 
25 gestion were fractionated on a. 5% acrylamide - 7M urea 
gel. Viral DNA from X174: RE digested with Hae III and 
labeled with polynucleotide kinase was used for size 
markers. 

Figure 11 illustrates that the Northern blot 
30 analysis of clones generated in CHL-1 cells. Clones 
where isolated following transfection with the follow- 
ing plasmids indicated in parentheses: pPA007 (73-1). 
PPA002 (73-2). PPA003 (73-4. 73-5. and M5A6) and pPA004 

(73-6. 73-7). . . 
35 Figure 12 illustrates plasmid PPA201. The 

blackened area represents the SV-40 promoter: the dashed 
segment represents the dhfr gene; the striped segment 



20 
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represent the introns of the t-PA genomic fragment, the 
white areas within this segment indicate the portions 
of the genomic fragment that contain t-PA axons ; the 
dotted region represents the cloned t-PA cDNA fragment. 
5 The arrows indicate the direction of mRNA transcription. 

Figure 13 illustrates plasmid pPA401 . The 
blackened area represents the triple LTR promoter; the 
dashed segment represents the tk gene; the white region 
represents the synthetic cDNA 5' region of t-PA con- 

10 structed from oiigoneucleotides ; the dotted region rep- 
resents the cloned t-PA cDNA fragment. The arrows in- 
dicate the direction of mRNA transcription. 

Figure 14 illustrates the plasmid pEPl showing 
the relationship of the LTR promoter to the coding se- 

15 quences of EPO and neo. The sequences encoding EPO are 
contained in a 4kb Apa I genomic fragment. The introns 
within this region are indicated by the numbered dotted 
segments. The exons are represented by the blackened 
areas. The amino acids encoded by each exon are indi- 

20 Gated. The arrows indicate the direction of mRNA tran- 
scription. 

Figure 15 shows plasmid' pEP2 indicating the 
relationship of the LTR promoter (the blackened area) 
to the coding secpaences of EPO gene (the striped region) 
25 and the neomycin resistance gene (dashed region) . The 
sequences encoding EPO are derived from synthetic DNA 
oligomers based on the sequence of EPO cDNA. The arrows 
indicate the direction of mRNA transcription. 

30 DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides methods and 
compositions for the transfection of eukaryotic cells 
with a novel expression vector contaiJiing a DNA sequence 
which codes for a desired polypeptide and a selectable 

35 phenotype not expressed in the untransformed cell. 

Thus, utilizing the present invention the transfection 
of eukaryotic cells may be monitored, and thereafter. 



wo 88/05466 



PCr/US88/00109 



14 ■ 

successfully . •trauisfected cells may be assayed for their 
ability to express the selectaJble phenotype. In one 
embodiment, the desired polypeptide is not expressed in 
the imtransformed cell. In another embodiment, the 
5 desire polypeptide is one that is already expressed in 
the untransformed cell but whose expression is enhanced 
after transfection. Embodiments of the present inven- 
tion include those in which the gene coding for the 
desired polypeptide codes for human growth hormone, 

10 tissue plasminogen activator or erythropoetin. Although 
the specific embodiments described herein involve cul- 
tured mammalisua cells, it may be appreciated that the 
methods and -compositions of the present invention are 
generally applicable to all eukaryotic cells including 

15 plants. and micro-organisms, such as yeast. 

The present invention utilizes a vector for 
transfection of eukaryotic cells that comprises a eukary- 
otic promoter directly coupled to a DNA sequence coding 
for a desired polypeptide and a DNA sequence coding for 

20 a selectable phenotype." In a preferred embodiment, the 
DNA sequence- coding for the desired polypeptide is dis- 
posed between the eukaryotic promotor and the DNA sequence 
coding for the. selectable phenotype. 

The eukaryotic promoters* which have been used 

25 in the transfection vectors of- the present invention 
include the early promotor ("SV") of the SV-40 virus 
and the long terminal repeat ("LTR") region of the Harvey 
murine sarcoma virus ("Ha-MuSV"). Plasmids containing 
these promoters are hereinafter designated "pLTR-" and 

30 "pSV." respectively. 

The eukaryotic promoters used in the vector 
of the present invention also include enhancer sequences 
which increase rates of RNA transcription presumably by 
facilitating the binding of RNA polymerase. 

35 Since proper expression of a bacterial gene 

in a exikaryotic cell reqvtires polyadenylation on the 
3 '-end. of the mR NA, the vectors of the present invention 
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also contain appropriate sequences responsible for adding 
a poly-A tail following the gene coding for the selec- 
table phenotype. 

According to the present invention, plasmids 
5 have been prepared which can be propagated in prokaryotic 
cells by virtue of a selectable marker, e.g. an antibi- 
otic resistance gene. The plasmid further includes a 
gene coding for a selectable phenotype which allows 
eukaryotic cells transfected with the plasmids of the 

10 present invention to be selectively grown in the pres- 
ence of an agent which otherwise generally prevents 
growth of the eukaryotic cells. The gene coding for 
the selectable phenotype- in the eukaryotic cell to be 
transfected may be the marker that allows selection of 

15 the plasmid itself or another plasmid. P.J. Southern 
and P. Berg (J. Mol. App. Gen., 1:327-41 (1982)) have 
described the selection of antibiotic resistant clones 
of transfected eukaryotic cells. 

The DNA sequences coding for selectable pheno- 

20 types which have been successfully employed in the vectors 
of the present invention include those coding for neomycin 
phosphotransferase ("neo"), dihydrofolate reductase 
("dhfr") and thymidine kinase ("TK"). The neo selection 
marker may be derived from bacterial transposon TN5 

25 which confers resistance to kanamycin in bacteria and 

to the aminoglycoside antibiotic G418 ("0418") eukaryotes. 
Southern, P.J. and Berg, P. supra. The dhfr gene confers 
resistance to methotrexate ("MTX") by the expression of 
dihydrofolate reductase. The TK gene is derived from 

30 the TK gene of herpes simplex virus. Expression of 

this gene results in the production of thymidine kinase. 
When the gene is present in a cell that is otherwise 
incapable of producing thymidine kinase, that deficient 
cell, once transfected, may survive in the presence of 

35 thymidine due to the production of exogenous thymidine 
kinase. 
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Phenotypes of interest can take the form of 
the expression of any gene product. Although these may 
include gene products which the cell is capable of pro- 
ducing in its untransformed state, they will generally 
5 include those gene products which are foreign to the 
cell. Because of the tandem arrangement of genes phys- 
ically linked to a single eukaryotic promoter in the 
plasmid of the present invention, cells which grow in 
the presence of the agent must also express the gene 

10 coding for .the desired polypeptide. In one embodiment 
of the present invention, a gene coding. for hGH is in- 
serted in the plasmid at a site located between the 
promotor sequence and the selectable marker gene. In 
another embodiment, a gene coding for t-PA is inserted 

15 between the promotor sequence and the selectable marker 
gene. In yet another embodiment, a gene coding for EPO 
is inserted in the plasmid at a site located between 
. the promotor sequence and the selectable marker gene. 

The particulars of the construction and use 

20 of the exikaryotic expression vectors of the present 

invention are more fully disclosed by way of example as 
shown below i 

Experimental 

25 The following- examples illustrate the useful- 

ness of the methods and compositions of the present 
invention. The relative efficiencies of the methods 
and compositions of the present invention may be com- 
pared to co-transfection methods and vectors. The fol- 

30 lowing examples also apply the methods and compositions 
of the present invention to various desired polypeptides, 
selectable phenotypes, promoters and eukaryotic host 
cells. In the following examples, the desired polypep- 
tides include human growth hormone, hviman tissue plasmi- 

35 nogen activator and erythropoetin, although as one of 
ordinary slti 11 in the art will appreciate any desired 
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polypeptides having a known or identifiable gene may be 
expressed. 

All of the DNA transfection examples which 
follow were carried out using the CaCl2 , precipitation 
5 technique of F.L. Graham and A.J. van der Eb (Virology, 
52:456-67 (1973)). The transfection protocol followed 
in these examples are as follows: Transfection P rotocol 
Day 1 Plate out 2 x 10^ cells/well in 6 well 
plates in DME + 10% FBS (fetal bovine serum). 
10 Day 2 Carry out transfection: 

1. DNA is diluted to 50 ug/ml (micrograms 
per milliliter) in 100 ul (microliters) H2O. . Five 
micrograms of DNA will be needed to transfect 2 x 



15 



10^ cells 



2. 2M CaCl2. (0.125 ml) is diUited to 0.25 M 
in hepes-buffered saline 0.25 (HBS) (0.875 ml). 

3. DNA and CaCl2, (0.25 M) are mixed 1:1. 
A precipitate is allowed to form at room temperature 
for 30 min. - 1 hr. 

20 4. The medium is removed from the cells in 

the well plate, and the precipitated DNA is added. The 
DNA is absorbed into the cells for 20 min, and then 
diluted with 10 volumes of fresh medium. 

5. The cells are incubated further for four 
25 hours in the diluted DNA solution. 

6. After four hours, the medium containing 
the DNA is removed, and the cells are treated with 25% 
glycerol in HBS for one minute. The cells are washed 
once with medium, and then 3 ml of medium containing 

30 10% FBS is added to the cells. 

Day 4 Transfer cells to selective medium. 

1. The cells in each well of the 6 well 
plates are trypsinized and counted. 

2. The cells are diluted to yield 10 , 3- x 
35 10"^ and 10^ cells/ml. The selective agent is also added 

to the diluted cells. For each cell line, the amount 
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of the selective agent required to completely kill the 
transfected cells must be determined. 

After the cells have been plated into the 96 
well plates, the medium is changed twice weekly until 
5 the. clones are visible. For most selection procedures, 
clones are visible after three weeks in the selective 
medium and cells can be assayed four weeks after trans- 
fection. 

Transfection frequencies for the various 

10 plasmids and host cells of the following examples are 
determined by counting the numbers of clones in a 96 
well plate and dividing that number by the total number 
of cells in the plate. 

Human Growth Hormone 

15 In the following examples, the phenotype of 

interest is the expression of human growth hormone { "hGH" ) . 

Human growth hormone has been used in the 
past to treat children who are deficient in the produc- 
tion of hGH and suffer from dwarfism. Previously, the 

20 only source of purified' hGH was from human cadavers, 

a n d the quantity produced was not sufficient the demand 
for the product. More recently it has been found that 
some of the early preparations of hGH were contaminated 
by a fatal virus that undergoes a long latency period, 

25 and thierefore, the use of these preparations of hGH has 
been discontinued. The only source of hGH now available 
for treatment of hGH deficient dwarfism is the hGH made 
in E. coli that contains the N-terminal methionine. At 
this time, it is not known if the use of the modified 

30 hGH will lead to eventual immunological problems for 
these children later in life - 

For each transfection example for hGH described 
below, Bug of transfection piasmid DNA was added to a 
monolayer of approximately 10^ host cells in 35mm dishes. 

35 Of .the following examples, the selectable phenotype in 
Examples 1-8 is one that confers resistance to G418. 
None of the eukaryotic host cells were resistant to 
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G418 in their untransf ormed state. Clones which demon- 
strated resistance to G418 at a concentration of 400 
ug/ml were isolated and identified 2 to 3 weeks follow- 
ing transfectlon. All G418 resistant clones were 
5 screened for hGH by radioimmunoassay techniques 
(Pharmacia Fine Chemical, Piscataway, New Jersey). 

The results of the experimental transf ections 
relative to each of the desired polypeptides are summa- 
rized in Table I which follows Example 9 below. 
10 Example 1 

Transfectlon plasmid pLTR-hGH-neo is shown in 
Figure 1, Sequences coding for hGH were inserted into 
the base plasmid pneo-5 as described below. The con- 
struction of the plasmid pneo-5 has been previously 

15 described by Lusky, M. and Botchan, M. (Cell 36:391-401 
(1984)). The eukaryotic promoter from Ha-MuSV was in- 
serted in bacterial plasmid pML to form pML-LTR. The 
promoter for viral proteins in this plasmid is located 
at both ends of the DNA copy of viral RNA and is con- 

20 tained in the long terminal repeat ("LTR") regions. To 
construct the pML-LTR plasmid, the LTR region was excised 
from the plasmid pRetro-T III with enzymes Cla I and 
Bam HI. The LTR region of p-Retro-T III contains three 
copies of the LTR promotor. This excised LTR region 

25 was inserted into the bacterial plasmid pML (Ltisky, M. 
and M. Botchan, Nature, 293:253-58 (1981)) to form 
pML-LTR. The TN5 element, containing the neo gene, was 
obtained from a SV40 hybrid plasmid. This TN5 element 
was removed from the SV40 hybrid by digestion with Bgl 

30 II and Bam HI. The TN5 fragment thus obtained was then 
inserted into the Bam HI site of pML-LTR and recombinant 
plasmids were then screened for the proper orientation 
of the TN5 element with respect to the LTR promotor. A 
poly A addition sequence of the SV40 T antigen was ex- 

35 cised from SV40 DNA by digestion with Bel I and Bam HI 
and inserted in the Bam HI site of the above plasmid 
described above forming plasmid pneo-5. 
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Plasmid phGH800/pBR322 which contains an hGH 
gene bounded by Hind III restriction endonuc Lease sites, 
served as the source of the hGH gene for the transfec- 
tion plasmid of this example. This plasmid is described 
5 in Martial, J. A., Hallewell, R.A., Baxter, J.D. , and 

Goodman, H.M. Science 205:502-606 (1979) and was obtained 
from this group. The hGH. gene of this plasmid was ex- 
cised by digestion with Hind III. The Bgl II site on 
plasmid pneo-5 was converted into a Hind III site, and 

10 the hGH fragment was inserted into the converted Hind 
III site of plasmid pneo-5 to form transfectlon plasmid 
pLTR-hGH-neo . The recombinant clones were screened by 
restriction enzyme digestion to determine the proper 
orientation of the hGH genes following the LTR promoter , 

15 The pLTR-hGH-neo plasmids that showed proper 

orientation were used to transfect 10^ ^127 "^^^^S' ^ 
mouse embryonic breast cell line. Radio immunoassays 

demonstrated that 100 percent of the clones which grew 

In the presence of 0418 also expressed significant lev- 

2Q els of hGH, ranging from 0.01 to 0.4 pgCpicograms)/cell/day. 
(See Table I). Thus, it appears from these results 
that two genes can be transcribed from a single promoter 
in these clones. The pLTR-hGH-neo plasmid and one clone 
from the above example (Clone D4) were deposited in the 

25 American Type Culture Collection (ATCC), Rockville, 

Maryland for the required period of 30 years, as follows: 

JMB3/pLTR-hGH-neo was deposited on February 
16, 1984 and assigned ATCC accession number 39614; and 
C^2j/P^'^^~^^^~^^° was deposited on February 

30 16, 1984 and assigned ATCC accession number CRL-8503 . 

A Northern analysis was performed on the mRNA 
from the clone D4, generated by pLTR-hGH-neo into C^^^j 
cells, to determine how this mRMA was transcribed. 
35 Total RNA was isolated from clone D4, The mRNA was 

purified by batch elutibn from oligo-dT cellulose Poly-A 
containing mRNA was fractionated by electrophoresis 
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through a 1% agarose-f ormaldehyde gel to denature the 
raRNA (Maniatis, T. , Molecular Cloning, Cold Spring Harbor, 
New York (1982)) and then transferred to nitro-cellulose . 
Hybridization with 32P-labelled probes was carried out 
5 using the method of Wahl, G.M. et al (Pro. Natl. Acad. 
Sci USA, 76:3583 (1979)). Hybridization was carried 
out with a hGH-specific probe whereupon a single band 
of complementary mRNA was detected with an apparent 
size of 3.5 kb (Figure 2). The DNA probe previously 

10 annealed to mRNA was removed by immersing the nitro- 
cellulose filter in boiling water and rehybridizing 
with other probes. Upon hybridization with a TN5- specific 
probe, an mRNA of identical size was found (Figure 2). 
Using an agarose-urea gel system, the apparent size of 

15 the mRNA species from the transfected cells was verified. 
The DNA sequences coding for both hGH and TN5 are con- 
tained within a single 3.0 kb fragment of DNA approxi- 
mately 300 bp downstream from the LTR. This data sug- 
gests that the mRNA with a. size of 3.5 kb is the only 

20 species of hGH or TN5 mRNA within the cells transfected 
with pLTR-hGH-neo because mRNA processing- did not give 
rise to two different mRNA species, one coding for hGH 
and the other coding for neomycin phosphotransferase. 
An SI nuclease analysis was then carried out to 

25 confirm that both the hGH gene. and the neomycin phos- 
photransferase gene are encoded in the same mRNA and to 
discover where within the LTR promoter of pLTR-hGH-neo 
the initiation site of the mRNA transcript was located. 
The SI protection assays followed the procedure of 

30 Maniatis, supra (1982) and is described generally below. 

DNA from pLTR-hGH-neo was digested with either 

Bam HI, Bgl II, or Sal I, which cleave either in the 

promoter, hGH or TN5 sequences (see Figure 3a). The 

32 

digested DNA was end-labelled with P (New England . 
35 Nuclear) and polynucleotide kinase (P-L Biochemicals ) . 
The DNA "was then digested with Eco Rl and the appropri- 
ate fragments isolated from a 5% polyacrylamide gel. 
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Approximately 100 ug of DNA was annealed to 2 ug mRNA ■ 
at 50 degrees centigrade for 3 hours and the non-comp- 
lementary nucleic acid was digested with SI nuclease 
(Miles. Laboratory) . The protected DNA fragments were 
5 electrophoresed through a 1.5% agarose- alkaline gel or 
a 5% acrylamide gel containing 8 M urea. (Maniatis, 
supra (1982)). The results are shown in Figures 3b and 
3 c. 

A single band at 0.3 kb was detected when DNA 

10 fragments labeled at the Bam HI site were hybridized to 
the cellular mKNA. When Bgl II digested DNA was hy- 
bridized to the cellular mRNA, a band was detected at 
0.8 kb. Finally, when Sal I digested DNA is hybridized 
to the mRNA, .a band appeared at 3.0 kb (Figure 3b). No 

15 splicing of the mRNA was observed by this technique. 
It appears from the results of this SI analysis,, that 
transcription of the mRNA begins at a unique site within 
the LTR promotor, 300 bp upstream from the hGH gene and 
terminates within the SV40 fragment containing the poly-A 

20 addition site which follows the TN5 gene (Figure 3a). 

Therefore, the results of the SI analysis- further support 
the conclusion that there is only a single species of 
mRNA that encodes both hGH and the neomycin phospho- 
transferase genes in the cells of clone D4. 

.25 The results, of the mRNA analysis suggest that 

the gene sequences for hGH and neo are integrated to- 
gether in one expression unit. To test this hypothesis, 
DNA was isolated from clone D4 and analyzed by Southern 
blot euialysis (Southern, E. J. , Mol. Biol. 98:503-518 

30 (1979)). The DNA was digested with Bam HI, Cla I, and 
Pst I which cleave the plasmid pLTR-hGH-neo to yield 
hGH containing fragments of 3.0, 6.0 and 1.6 kbi re- 
spectively (Figure 4) . Following hybridization of the 
digested clone D4. DNA with an hGH probe, bands of the 

35 expected- sizes were observed. Other bands are also 

observed which are probably due to fragments of plasmid 
DNA that have integrated. 
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The protein product of clone D4 in the super- 
natant of the culture identified by radioimmunoassay 
was characterized to determine its moleclar weight. To 
this end, cells of clone D4 were radioactively labelled 
5 with ^^S-methionine. The supernatant proteins secreted 
into the incubation medium by these cells were immuno- 
precipitated with mouse anti-hGH serum. The resultant 
hGH material was fractionated on 15% SDS-polyacrylaraide 
gels according to the method of U.K. Laemrali, (Nature, 

10 227:680-85 (1970)), As seen in Figure 5a, the immuno- 
reactive protein product of clone D4 co-migrates with 
naturally synthesized hGH at a molecular weight of 22,000 
(Figure 5a, lanes 1 and 3). A prominent band of 22,000 
molecular weight can also be seen in the total supernatant 

15 protein (Figures 5b, lanes 1 and 2). This hGH like 
protein is approximately 3% of the supernatant. No 
similarly sized protein was found in control cells which 
have not been transfected with pLTR-hGH-neo (Figure 5b, 
lanes 5 and 6) . 

20 A partial chymotryptic digest of the 22,000 

molecular weight hGH immuno- reactive protein product of 
Clone D4 was performed according to the method described 
by Cleveland, D. W. et al. (J. Biol. Chem. 252:1102-1106 
(1977)) to determine whether this "protein product was 

25 processed in a manner conforming with naturally synthe- 
sized hGH. Due to its native conformation naturally 
synthesized hGH is cleaved to smaller peptides of 15,000 
and 7,000 when subject to partial proteolysis. The 
15,000 peptide is derived from the N-terminal region of 

30 the protein. (Aston, R. , EMBO. J.. 2:493-97 (1983)). 
Cells transfected with pLTR-hGH-neo were labeled with 
35S-methlonine and the supernatant proteins were pre- 
cipitated as described in the preceding 35S- methionine 
assay. Ten mg of the immunoreactive protein was par- 

35 tially digested with lOug of chymotrypsin for 30 minutes 
at 37 degrees centigrade according to the method of 
Cleveland et al. , supra (1977). The products were 
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compared with 1251-labeiled partially digested standard 
hGH protein by fractionating both digestions on a 15% 
polyacrylamide SDS gel (Laeramli, supra (1970)). The 
results demonstrate that both digests contain the 15,000 
g MW partial peptide derived from the N-teirminvis region 
of the protein (Figure 5c). Since the partial chymo- 
tryptic maps of both digests were identical, it appears 
that the hGH secreted from transfected cells has been 
translated and properly processed at the N- terminus. 
10 ^"s, clones which are resistant to G418 and which also 
express a 22,000 molecular weight protein immune logi- 
cally related to hGH can be isolated from cells trans- 
fected with.pLTR- hGH- neo. 
Example 2 

The construction of the pLTR-hGH-neo transfec- 
tion plasmid of Example 1 resulted in some plasmids in 
which the hGH DNA sequence was inserted in an opposite 
orientation to the promoter to form pLTR-hGHr-neo. One 
such plasmid was used to transfect 0^27 cells as de- 
20 - scribed in Example 1. All other procedures of Example 
I were followed. Although the transfection efficiency 
remained unchanged from that of Example 1, none of. the 
clones expressed hgH (Table I). 
Example 3 

25 expression vector of Example 1 contained 

three adjacent^ copies of the LTR promoter. Two of the 
three LTR promoters were deleted by digestion with Xba 
r and the plasmid relegated to pLTR'- hGH- neo plasmid. 
Blasmid pLTR'-hGH-neo was used to transfect *^127 cells 

20 as in Example 1: All other procedures of Example 1 

were followed. However, the transfection efficiency ef 
this example was reduced ten- fold as compared to that 
of Example 1 and. the frequency of clones expressing hGH 
was reduced to 25% as compared to 100% for pLTR- hCH-neo 

35 of Example 1 (Table 2). 
Example 4 
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All of the LTR promoters of the plasmid of 
Example 1 were deleted to form phGH-neo. This plasmid 
was used to transfect ^127 cells as described in Example 
1. Even further decreases in transfection efficiency 
5 and frequency of hGH expressing clones occurred when 
the entire LTR promoter region was deleted as compared 
to the results of Example 3 . 

The results of Examples 2, 3 and 4 indicate 
that the expression of hGH is mediated by the LTR pro- 

10 motor. Examples 3 and 4 further indicate that expres- 
sion of both hGH and neo is greatly enhanced when more 
than one copy of the LTR sequence is available in the 
eukaryotic promoter of the transfection plasmid of the 
present invention. 

15 Example 5 

The pLTR-hGH-neo transfection plasmid of Ex- 
ample 1 was used to transfect COS-7 cells, a green mon- 
key kidney cell line. Clones were selected by their 
ability to grow in the presence of G418. Six G418 re- 
20 sistant clones were produced of which 3 were screened 
for hGH expression levels. The clones producing hGH 
had hGH expression levels ranging from 0.6 to 1.3 
pg/cell/day. 
Example 6 

25 The pLTR-hGH-neo transfection plasmid of Ex- 

ample 1 was used to transfect CHL-1 cells, a human mela- 
noma cell line. Clones were selected by their ability 
to grow in the presence of G418. The G418 resistant 
clones numbered 8, of which 5 were screened for hGH 

30 expression levels. The clones producing hGH had hGH 

expression levels ranging from 0.02 to 0,64 pg/cell/day. 
Example 7 

As a comparative study, a co-tranf ection sys- 

Q 

tern employing two plasmids was used to transfect 12-7 
35 cells. Plasmids containing a eukaryotic promoter and 
the hGH gene were used together with physically, unlinked 
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plasmids containing a eukaryotic promoter and a selec- 
tion marker gene in the cotransf ection procedure. 

In tlie construction of plasmids containing an 
SV-40. promoter, . the promoter and dhfr coding sequences 
5 from pSV2dhfr (Subramani, Mulligan, and Berg, Mol. Cell 
Bio., 1:854-64 (1981)) were transferred to pBR328 to 
eliminate eukaryotic poison sequences (Lusky and Botchan, 
1981). This new plasmid (pSV-dhfr) was linearized with 
Hind III, and. the hGH sequences were inserted between 

10 the promoter and dhfr gene (Figure 6). The hGH of pBR322 
gene was inserted downstream from the SV promoter of 
the pSV-dhfr plasmid and in front of the seqviences codiiig 
for dihydrpfolate reductase at the Hind III site to 
generate pSV-hGH-dhf r. 

15 Although transfection efficiency of this ex- 

ample was similar to the efficiency obtained by the 
method of Example 1, radioimmunoassay revealed that 
only 13,6% of the clones obtained by co-transf ection 
expressing the selectable phenotype also expressed hGH 

20 (Table 1). 

Moreover, hGH expression levels of clones 
obtained by cotransfection were all significantly lower 
than clones generated from tandem expression vectors of 
the present invention. The G418 fesistant clones ob- 
25 tained by this co-transfection method expressed hGH in 
the range of .002 to .03 pg/cell/day whereas the G418 
resistant clones . of Example 1 expressed hGH in the range 
from .01 to l.Q pg/cell/day. 
Example 8 

30 An alternative embodiment of the present in- 

" vention utilizes the early promoter from SV40 virus 
derived from the pSV201-dhfr plasmid as described in 
Siobramani et al., Mol Cell Biol., supra (1981). A sche- 
matic representation of the construction of this pla-smid 

35 is shown in Figure 6. The SV40 early promoter is known 
to function effectively in a wide variety of eukaryotic 
cell types with the prokaryotic TN5 gene. To insert 
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the hGH into the SV-40 promoter plasmid, pSV-hGH-dhfr 
and pLTR-hGH-neo were digested with Bam HI, and the Bam 
HI fragment containing sequences for both hGH and neo 
was inserted downstream from the promoter (pSV-hGH-neo) . 
5 The resultant pSV-hGH-neo plasmid was trans- 

fected into *^127 cells and clones were selected by their 
ability to grow in the presence of G418. When the se- 
lected G418 resistant clones were tested, it was found 
that 100 percent of the clones produced hGH in the range 
10 of 0.002 to 1,00 pg/cell/day. (See Table 1.) 
Example 9 

As an alternative comparative co-transf ection 
system, hGH producing clones were identified in a human 
cell line. On clone of this human cell line CHL-1 was 

15 generated by co-transection using pSV-hGH-dhfr described 
in Example 8 and pneo-5 described in Example 1. This 
clone was then grown in the presence of 2 ]iW methotrexate 
("MTX"), a folic acid antagonist. The presence of MTX 
stimulated an overproduction of dhfr and consequently, 

20 since these genes were linked, the production of hGH 
was increased ten-fold as compared to the co-transfec- 
tion of Example 6. Thus, it is possible to amplify the 
expression of the gene of interest that is„ physically 
linked to and shares the same promoter as the selective 

25 marker. 

Human Tissue Plasminocren Activator 

Another embodiment of the present invention 
involves the production of human tissue plasminogen 
activator ( "t-PA"), a pharmaceutically important throm- 

30 bolytic agent. 

For each transfection example for t-PA de- 
scribed below, 5ug of transfection plasmid DNA was added 
to a monolayer 10^ host cells in 100 mm dishes. In 
Examples 10-13, the selective phenotype confers resis- 

35 tance to G418 at a concentration 1.0 mg/ml. Clones 

which demonstrated a resistance to 1.0 mg/ml G418 were 
isolated and identified 3 to 4 weeks following 
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transfection. In Example 14, the selectable phenotype 
is the expression of dhfr which confers upon the trans- 
f acted celL the ability to grow in the absence of hypo- 
xanthine, glycine and thymidine and in the presence of 
5 methotrexate. In Example 15, the selectable phenotype 
is the expression of thymidine kinase and the transfected 
cell the ability to grow in the presence of methotrexate. 
When the isolated clones contained at least 

3 

10 . cells, the clones were screened for t-PA expression. 

10 Screening was determined via fibrin plate analysis for 
a 24 hour period. For this analysis, 5 ul samples of 
culture supernatant were placed in a circular well ex- 
cised from an agarose plate containing sheep fibrogen, 
human thrombin and human plasminogen. A clearing around 

15 the circle of culture supernatant was caused by conver- 
sion of plasminogen to plasmin which had digested the 
fibrin, all initiated by the presence of t-PA. The 
size of the clearing, thus, correlates with the amount 
of t-PA in the sample. To determine the t-PA expression 

20 levels, the amount of t-PA in the culture supernatant 
was divided by the number of cells in the culture. The 
results of these examples are summarized in Table V 
below. 
Example 10 

25 Sequences coding for. the protein tissue 

plasminogen activator (t-PA)- were inserted into the 
pneo5 plasmid in a manner analogous to that used to 
insert hGH into pneoS of Example 1. The DNA sequences 
coding for t-PA were obtained from a human fetal liver 

30 DNA library and also from a complementary DNA transcribed 
from CHL-1 cell mRNA. 

The isolation and assembly of the DNA sequence 
encoding the t-PA gene is depicted in. Figure 7. CDNA 
was produced from mRNA derived from the melanoma cell 

35 line CHL-1. This cDNA.was digested with Bgl II and the 
fragments were cloned into a Charon 4A vector at the 
Bam HI site (Maniatis et. al. Molecular Cloning). A 
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subclone containing the Bgl II fragment which extends 
from bpl87 to 2161 of the coding sequence of t-PA was 
used in the construction of t-PA expression vectors. 
This fragment encodes the mature form of the t-PA pro- 
5 teiii but does not contain sequences for the pre- and 
pro- peptides of t-PA recpzired for secretion of the 
active protein. 

The Bgl II fragment from bp 187 to 2161 was 
removed from the Charon 4A clone and subcloned into 

10 pUC19. Sequences extending only from the Bgl II site 
at bp 187 to the Xho II site at 1805 were further sub- 
cloned by Xho n digestion of this pUCig derivative and 
were inserted into the Earn HI site of pUC9. Xho II 
digestion of the pUC9 derivative allowed retrieval of 

15 the cDNA fragment.. . The Xho II fragment was subcloned 
into, the cloning vector p31 at its Bam HI and Bgl II 
sites to produce pPAlOS. The Xho II fragment was also 
subcloned into p31 at its Bgl 11 site only to produce 
pPA104. 

20 In order to express and secrete the mature 

and active form of t-PA in transfected cells, it was 
necessary to provide sequences coding for the secretory 
process. The sequences for the pre- and pro- peptides 
were obtained by two different methods. In the first 

25 case a genomic fragment was isolated from a human genomic 
DNA library (Figure 7a). These genomic sequences were 
ligated in front of the cDNA to produce a hybrid t-PA 
gene. In the second case the front of the t-PA gene 
was synthetically produced from small oligonucleotides 

30 (Figure 7b) . 

The specific genomic sequences encoding the 
pre- and pro-peptides were isolated from a irVX library. 
This library was constructed using the 414bp Pst I frag- 
ment from the t-PA cDNA as the target sequence on irVX 

35 (Manniatis et al. supra). One clone was found which 

contained a 4kb Bgl II fragment encompassing the 5' end 
of the t-PA structural gene including 105 nucleotides 
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of the pre- and pro- peptides, a portion of the 5' un- 
translated sequences and a large intron (Figure 7c), 
This 4kb Bgl II fragment was subcloned into pPAlOS at 
its unique Bgl II site to generate the subclone pPA103 . 
5 The cDNA/genomic junction was removed by digestion at 
the Nar I site in the cDNA and a Nar I site. in the 
genomic portion. This Nar I fragment was then moved 
into the other cDNA subclone, pFA104, at its equivalent 
Nar I site (Figure 7c). The new subclone, pPAllS now 

10 contained the entire genomic and cDNA sequence. The 
hybrid t-PA gene was removed by digesting with Bel I 
and partial digestion with Bgl II. The Bel I - Bgl II 
cassette was then inserted into the unique Bgl I I. site 
of pneo5 thus generating pPA003 . Becavise the t-PA cod- 

15 ing region contains both genomic (including exons and 
introns) and cDNA sequences, this construction is re- 
ferred to as a hybrid t-PA gene. The Bel I -Bgl II frag- 
ment is illustrated in Figure 7a. This fragment encom- 
passes several bases (about 32) from intron A' (as la- 

20 belled on Fig. 7a and 7c), a 5' untranslated region, 

the pre- and pro-peptide region and a large intron A of 
about 1.7kb. Intron A' described herein corresponds 
with the intron "A" designation of Ny et al., supra. 
Intron A described herein corresponds with the intron 

25 "B" designation of Ny et al. , supra. 

Sequences encoding the pre- and pro- peptides 
of t-PA but lacking the intron found in genomic DNA 
were also assembled from synthetic DNA (Figure 7b). 
Synthetic DNA fragments were annealed to give 50 and 60 

30 bp double stranded oligonucleotides with Bam HI or Bgl 
II and Nar I sticky ends. These two double stranded 
segments were cloned separately in pUC9 that had been 
linearized with Bam HI and Nar I. These cloned segments 
were subsequently removed by treatment of the recombinant 

35 plasmids with Xho II and Nar I, purified and ligated to 
pUC9 that had been treated with Bam HI. This generated 
the 110 bp pre-pro sequence. This 110 bp sequence was 
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excised from pUC9 by treatment with Xho II and then 
cloned into the Bgl II site of pPA024 to form plasmid 
pPAOOS which contains a complete cDNA gene (Figure 7d) . 

Both of these t-PA expression plasmids, pPAOOS 
5 and pPAOOS, were used to transfect CHL-1 cells and clones 
derived from both plasmids have been analyzed. Since 
this cell line produces endogenous t-PA, it was neces- 
sary to screen all G418 resistant clones for increased 
levels of t-PA production to determine if exogenous 

10 t-PA was also produced. 

Additional plasmids were also constructed in 
which the triple LTR proraotor. at pPAOOS was deleted and 
other eukaryotic viral promoters were inserted. The 
plasmid pPA014 was obtained from pPAOOS by deletion of 

15 the triple LTR proraotor. In one case, the promoter 

from the herpes simplex virus thymidine kinase gene was 
inserted into pPA0I4 to generate pPA002. Two other 
promoters from Adenovirus 5 were substituted for the 
triple LTR promoters (pPAOO? and pPAOOS ) . 

20 



25 



30 



35 
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TABLE II 

Transfection Frequencies of t-PA 
Expression Plasmids 



Plasmid 



Exp.# 



Clones/10 cells 



PPA002 



10 



1 
3 
4 



11 
11 
9 



pPA003 



15 



1 
2 
3 
4 



55 
22 
31 
24 



PPA005 



20 



pPA007 



2 
3 
4 

1 
2 



45 
26 
38 

15 
21 



25 



pPAOOS 



pPA014 



1 
2 
3 



8 

13 

15 



30 



35 



. V 't. V- l^^'" V e 



r-^^ -.cS^® ^'■^^ t^Ci^ 
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Iminunoglobulin enhancer sequence within the intron func- 
tions in a tissue-specific manner. Banerji^ J,, Olson, 
L., Schaffner, W. Cell 33: 729-740 (1983). It is pos- 
sible that the sequences within the t-PA intron function 
5 in a similar manner. 
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Plasmid 



36 

TABLE III 
Assayed Results of Selected Clones 



$clories 
Assayed 



Expression Levels 



PFA002 
PFA003 
pPAOOS 
pPA007 
pPAOOS 
PPA014 



0-1.0 1.1-1.5 1.6-2.0 2.1-2.5 2.6-3.0 3.1-3.5 >3.1 



5 
9 
5 
2 

1 
7 



4 
1 
1 

0 
0 
2 



1 
1 
0 

1 
1 
5 



0 
1 
0 
1 
0 
0 



0 
3 
1 
0 
0 

1 



0 
0 
0 
0 
0 
0 



0 

1 

3 
0 
0 
0 



0 
2 
0 
0 
0 
0 



* Expression levels are expressed as the ratio of. the t-PA 
expresison of the clones vs. t-PA expression of parental CHL-1 
cells. This value ranged from 46.7 to 88 ug/cell/day in three 
assays. The results of one or two assays of each clone have been 
averaged. 
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TABLE IV 

COMPARISON OF EXPRESSION LEVELS OF CLONES 
GENERATED WITH pPA003 AND pPA005 TRANSFORMED INTO CHL-1 . 

Clone Micro Units/ Factor 



Desicmation 


Flasmld 


Cell/Dav 


Enhanced 


CHL-1 


None 


150 + 0.6 


1, 


.0 


B11-3-C11 


pPA003 


780 +3.7 


4, 


.6 + 0.5 


B11-3-C8 




730 + 2.8 


4. 


.7 + 0.2 


51B3 




650 


4. 


, 1 


B18-4-3 


pPAOOS 


400 +0.8 


2. 


,5 + 0.4 


53-3G3 




380 


2, 


4 


B18-4-7 




296 


2. 


1 


S4-A5 




300 


2 





Enhancement factors were calculated by dividing the 
20 production level of the clone by the level of the 

parental cell line for each experiment. Production of 
t-PA from 10 cells plated in 1 ml medium for 72 h in a 
24 well plate was measured by fibrin plates. 



25 



30 



35 
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In one experiment, lOg CHL-1 cells were trans- 
fected with pPA003 , 158 clones were generated, of which 
73 were screened for t-PA expression leXrels as described 
above. The pPA003 clones had a range of t-FA expression 
5 levels ranging from 0.01 to 0.04 pg/cell/day. The per- 
centage of clones producing increased levels of t-PA 
(32%) was lower than that observed for the hGH 
transfected clones of Example 1. 

Several of the clones with the highest levels 

10 of t-PA expression were expanded and further analyzed 
for mRNA content. When the total cellular RNA was ana- 
lyzed by a Northern blot analysis (Maniatis, T. , Supra) 
two species of t-PA specific mRNA were detected, one 
corresponding to the host cell's native t-PA mRNA and 

15 the other to a dicistronic mRNA containing both the 
t-PA and neo gene sec[uences. The results of this 
Northern analysis is shown in Figure 8. This demon- 
stration of a dicistronic mRNA species within the 
transfected clones indicates that one of the expression 

20 plasraids of this invention, pPA003, had successfully 
introduced an additional gene copy for t-FA into the 
CHIi-1 clones. Moreover, since this plasmid contained 
sequences derived from genomic DNA which contains 
introns, the expression vector of this example system 

25 was able to process introns and transcribe active mRNA. 

Several of the clones generated by t-PA ex- 
pression plasmids containing other promotors were also 
analyzed for t-PA mRNA expression. The clones used in 
this analysis were the highest t-PA producing clone 

30 isolated from each promoter. The RNA samples were ana- 
lyzed using Northern blot hybridization as described 
above. In this case the filter was hybridized with a 
t-PA and neo probes. In the case of hybridization with 
.t-PA specific probe (Figure 9) two species of mRNA are 

35 detected only from clones generated with the LTR 

promoter. When this filter was then analyzed for neo 
RNA sequences (Figure 9) only the dicistronic mRNA 
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species contained neo sequences. The neo specific se- 
quences in other clones were not detected by hybridiza- 
tion with this probe. (The amount of neo enzyme that 
is required for growth in G418 is very low and it is 
5 often difficult to detect neo mRNA in cells transfected 
with pneo 5, Figure 9,, lane 8). The finding of stable 
production of dicistronic mRNA in cells transfected 
with plasmids containing the LTR promotor is consistent 
with the results of Table III in which the clones which 

10 produce the highest levels of t-PA following many cell 
divisions were generated with LTR containing plasmids. 

In order to determine if one of the two mRNA 
species identified by the Northern analysis was initi- 
ated within the LTR promotor, an SI nuclease analysis 

15 was carried out. To prepare the radioactive DNA probe, 
plasraid pneoS was digested with Bgl II and EcoRI . The 
2kb fragment was isolated and labeled with gamma- 32 
p-ATP and polynucleotide kinase. This fragment was 
mixed with RNA obtained from the clone M5A6 and hybrid- 

20 ized. The noncomplementary regions of the DMA probe 
were digested with SI nuclease, and the protected DNA 
fragment was analyzed on a 5% acrylaraide gel in 7M urea 
(Manlatis et. al, supra). An autoradiogram of this gel 
analysis is shown in Figure 10. When mRNA from M5A6 is 

25 hybridized with the LTR probe.- only one radioactive 

band is seen following digestion with SI nuclease. The 
size of this protected fragment (275 bp) is consistent 
with initiation of mRNA transcription within the LTR 
promotor sequences. A similar band is not seen when 

30 the- probe is hybridized with CHL-1 RNA. 

The DNA of several clones derived from trans- 
fection of pPA003 into CHL-1 cells wa.'^ analyzed by 
Southern blot. The DNA was digested with Cla I which 
has two recognition sites in pPA003 on either side of 

35 the LTR region. The DNA was electrophoresed through an 
agarose gel and transferred to a nylon filter membrane. 
This filter was hybridized with a radioactive probe 
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. obtained from a Bgl II digest of the t-PA cDNA from 
pPA003. The hybridization pattern of the cloned DNA is 
seen in Figure 11. Only three of the four clones in 
this analysis were producing high levels of t-PA; the 
5 fourth clone (M5H6) produced high levels when it was 
originally isolated but the activity had dropped to 
background levels when the DNA was isolated. 

In Figure 11, only one primary band is seen 
following digestion with Cla I. This Cla I fragment is 

10 the same size as the major Cla I fragment in the plasmid. 
This fragment is present in the three high t-PA produc- 
ing clones isolated from this experiment. The filter 
containing the Cla I digested DNA was also hybridized 
with a probe containing sequences from the neomycin 

15 resistance gene. This probe also hybridizes to the 8 
kb Cla I fragment that was complementary to the t-PA 
probe. The result of this analysis suggests that in 
the three highest producing clones isolated in this 
experiment, integration of. the transfected plasmid oc- 

20 curred within the LTR region and thus did not interrupt 
the 8 kb Cla I fragment. Other high t-PA producing 
clones have been analyzed in the same manner and all of 
the DNA digestion patterns are consiistent with integra- 
tion within the LTR region. 

25 Example 11 

Examples 11 through 14 are summarized in Table 
V. The pPAOOS transf action plasmid of Example 10 was 
used to transf ect C^27 cells, a mouse embryonic breast 
cell line, and clones resistant to G418 were selected. 
30 The G418 resistant clones humbered 44, of which 40 were 
screened for increased expression of t-PA, where the 
t-PA expression levels ranges from 0 to 0.1 pg/cell/day. 
Example 12 

The pPA003 transf ection. plasmid of Example- 10 
35 was used to transfect L-TK~ cells, a mouse fibroblast 
ceil line, and clones resistant to G418 were selected. 
The G418 resistant clones numbered 42, of which 36 were 
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screened for increased expression of t-PA, where the 
t-PA expression levels ranges from 0 to O.I pg/cell/day. 
Example 13 

Transfection plasmid pPA201 was constructed 
5 and is shown in Figure 12. The t-PA sequences described 
in Example 10 were introduced into the eukaryotic ex- 
pression vector containing the mouse dihydrof olate 
reductase (dhfr) gene for a marker (pSV-dhfr, Example 
7). Again, the t-PA gene was inserted- between the 

10 promoter and the selection marker. This plasmid was 
introduced into Chinese Hamster Ovary (CHO) cells, a 
cell line which lacks the normal dhfr gene. Clones 
were selected for growth in F12 medium lacking hypo- 
xanthine, glycine, and thymine. The clones were assayed 

15 for t-PA activity by ELISA. The assays showed that 

several of the clones were secreting t-PA at level of 2 
to 8 X 10"'' pg/cell/day. These clones were then placed 
in amplification medium containing 0.2 uM MTX and sub- 
clones were isolated. When these subclones were assayed 

20 for t-PA production by ELISA, all of the subclones were 
shown to secrete substantially more t-PA (up to 165 
times more) than their parental clones. This increased 
t-PA production was probably the result of amplification 
of the dhfr gene in response to the increased levels of 

25 MTX as in Example 9. Thus, it. is possible to amplify 
two genes that are linked by a common promoter. 
Example 14 

The pPA401 expression plasmid is shown in 
Figure 13. To construct this plasmid, the neo sequences 

30 were deleted from and replaced with sequences encoding 
the herpes simplex virus thymidine kinase gene. Plasmid 
pPA401 was used to transfect L-TK" cells, a mouse 
fibroblast cell line that lacks thymidine kinase. Clones 
were selected by their ability to grow in the presence 

35 of methotrexate, hypoxanthine and thymidine. Sixty one 
(51) clones were obtained by this procedure, and all 
were screened for t-PA activity. Only four of these 
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clones expressed human of up to 0.01 pg/cell/day . More- 
over, the number of clones derived from pPA401 expressing 
t-PA (4/61) is much lower than that seen with pPA003 
into L-TK~ cells (29/40), and the expression levels are 
5 ten-fold lower (see Table V). 

Recombinant DNA described in Example 10, in 
an E.coli host was deposited with the American Type 
Culture Collection (ATCC), Rockville, Md. as follows: 
MHl/pPA003 was deposited on January 13, 1987 and as- 
10 signed ATCC accession number 67293 . 
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Ervthropoet in 

Erythropoetin. ("EPO") is a glycoprotein that 

stimulates the formation of red blood cells and has 

5 been shown to be effective in early clinical trials in 

the treatment of dialysis patients. 

For each transfection example for EPO described 

hereinbelow, 5 ug of transfection plasraid DNA was added 

S 

to a monolayer of approximately 2 x 10 host cells in 
10 6-well plates. In each of the following examples, the 
selective phenotype confers resistance to G418 at vari- 
ous concentrations. This concentration was individually 
determined for each cell line. Clones which demonstrated 
G418 resistance were identified 3 to 4 weeks after 
15 transfection. The results of these examples are summa- 
rized in Table VI below. 
Example 15 

Transfection plasmid pEPl is shown in Figure 
14. It was constructed by insertion of a DNA fragment 

2Q encoding EPO, that. was obtained from a human genomic 

library in lambda phage, into a derivative of the pneo5 
disclosed in Example 1. In this example, the pneoS 
plasmid was first modified by the insertion of a poly- 
linker which carries sites for Pvu" I, Sac II, Mlu I, 

25 Apa I, Hind III and Bel 1. A 4 kb Apa I fragment con- 
taining the EIPO coding sequences was inserted into the 
Apa I site in the polylinker region. The resultant 
plasmid pEPl carries the erythropoetin -gene between the 
promotor and the rissi stance marker. The expected mRNA 

30 will be dicistronic encoding EPO 4n the 5' cistron and 
neo in the downstream 3' cistron. 

An EPO gene was also constriicted synthetically 
and lacked the introns of the genomic. fragment. Syn- 
thetic DNA oligomers were annealed together in 4 groups 

35 of 8 and 1 group of 6 oligomers. Each of these had 

unique restriction sites at their ends and were cloned 
into a pUC plasmid cut with the cognate enzyme. Plasmid 
pE which contains the complete EPO gene flanked by Bam 
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HI sites, was cut with Bam HI and the EPO gene was ligated 
into the Bgl II site of pneo5 creating pEP2 . Plasmid 
pEP2 encodes EPO and neo on a dicistronic mRNA with the 
EPO gene lacking introna and therefore equivalent to a 
5 cDNA gene. 
Example 16 

The following examples deal with the transfec- 
tion of different host cells. This data is summarized 
in Table VI. 

10 The above-described plasmid of Example 15 was 

used to transfect CHL-1 cells and clones resistant to 

G418 were isolated. Erythropoetin production was de- 

3 

tected by the Krystal assay which stimulates H 
thymidine uptake into spleen cells. The number of iso- 

15 lated clones numbered 710, all of which produced EPO in 
the range of 0.04 to 0.5 pg/cell/day. The identity of 
the EPO was confirmed by its in vivo (exhpoxic mouse 
assay) activity and by its recognition in a radio immune 
assay. However, the number of units determined by the 

20 in vivo assay using authentic human EPO wa.<3 only 8% of 
the number of units determined by the in vitro Krystal 
assay using the same standard. 
Example 17 

The pEP2 transfection plasmid of Example 15 
25 was used to transfect 2 X 10 . CHL-1 cells and clones 
resistant to G418 were isolated. The G418 resistant 
clones numbered 134, of which 24 were screened for ex- 
pression of EPO. The EPO production by these clones 
was less than 0.2 units/ml and, therefore, below dete- 
30 ction by the Krystal assay. 
Example 18 

The pEPl transfection plasmid of Example 15 
was used to transfect 2 x 10^ cells of a human embryonic 
kidney cell line 293 and clones resistant to G418 were 
35 isolated. The G418 resistant clones numbered 96, of 
which 24 were screened for expression of EPO. The EPO 
producing clones had EPO expression levels ranging from 
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0 to 0.28 pg/cell/day- The identity of EPO was con- 
firmed by its in vivo activity. The number of tmits 
obtained by the in vivo assay was 2.3% of the number 
Obtained from the in vitro assay using the same iiiunan 
5 standard. 
Example 19 

The pEPI transfection plasmid of Example 15 
was used to transfect 2 x 10^ MDBK cells, a bovine kid- 
ney cell line, and clones resistant to G418 were iso- 

10 lated. The G418 resistant clones numbered 25, of which 
8 were screened for expression of EPO. The EPO produc- 
ing clones had EPO expression levels ranging from 0 to 
0.4 pg/cell/day. The identity of EPO was confirmed by 
its in vivo activity. The number of units obtained by 

15. the in vivo assay was 2.1% of the number obtained from 
the in vitro assay using the same human standard. 
Example 20 

The pEPl transfection plasmid of Example 15 
was used to transfect 2 x 10^ ^127 cells, a mouse em- 

20 bryonic breast cell line and clones resistant to G418 
were isolated. The G418 resistant clones- numbered 96, 
of which 24 were screened for expression of EPO. The 
EPO producing clones had EPO expression levels ranging 
from 0 to 0.54 pg/cell/day. Tlie identity of EPO was 

25 confirmed by its in vivo activity. The number of units 
obtained by the in vivo assay was 17.4% of the number 
obtained from the in vitro assay using the same human 
standard. 
Example 21 

30 The pEPl transfection plasmid of Example 15 

was used to transfect 2 x 10^ L-TK" cells, a mouse 
fibroblast cell line, and clones resistant to G418 were 
isolated. The G418 resistant clones numbered 408, of 
. which 24 were screened for expression of EPO. The EPO 

35 producing clones had EPO expression levels ranging from 
0.08 to 0.34 pg/cell/day. The identity of EPO was con- 
firmed by its in vivo activity. The number of units 
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obtained by the in vivo assay was 33 . 6% of the number 
obtained from the in vitro assay using the same human 
standard. 
Example 22 

5 The pEP2 transfectlon plasmid of Example 15 

5 

was used to transfect 2 X 10 L-TK cells and clones 
resistant to G418 were isolated. The G418 resistant 
clones numbered 34, of which 24 were screened for ex- 
pression of EPO. The EPO production by these clones 
10 was less than 0.2 units/ml and, therefore, below detec- • 
tion by the Krystal assay. 
Example 23 

The pEPl transfectlon plasmid of Example 15 
was used to transfect 2 x 10^ COS-7 cells, a green mon- 

15 key kidney cell line, and clones resistant to G418 were 
isolated. The G418 resistant clones numbered 84, of 
which. 24 were screened for expression of EPO. The EPO 
producing clones had EPO expression levels ranging from 
0 to 0.63 pg/cell/day. The identity of EPO was con- 

20 firmed by its in vivo activity. The number of units 
obtained by the in vivo assay was 2.3% of the number 
obtained from the in vitro assay using the same human 
standard. 
Example 24 

25 The pEPl transfectlon plasmid of Example 15 

6 — 

was used to transfect 1.5 x 10 CHO dhfr" cells, a 
Chinese Hamster Ovary cell line (CHO), and clones re- 
sistant to G418 were isolated. The 24 G418 resistant 
clones were screened for expression of EPO. The EPO 

30 producing clones had EPO expression levels ranging from 
0 to 0.88 pg/cell/day. The identity of EPO was con- 
firmed by its in vivo activity. The number of units 
obtained by the in vivo assay was 95%. of the number 
obtained from the in vitro assay using the same human 

35 standard. This is the only cell line where we obtained 
an equivalence between in vitro and in vivo activity. 
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Example 25 

The pEP2 transfection plasmid was used to 
transfect 3 X 10^ CHO dhfr" cells, and clones resistant 
to G418 were isolated. The G418 resistant clones num- 
5 bered. 43, of which 36 were screened for expression of 
EPO. The EPO producing clones had EPO expression levels 
ranging from 0 to 0.25 pg/cell/day. This is the only 
cell line examined in which the pEP2 plasmid was suc- 
cessful in generating clones that produce EPO. These 
10 examples show that the number of transf ectants isolated 
and their EPO production was improved when pEPl was 
used rather than pEP2. Therefore, the EPO containing 
introns, is preferable to the EPO lacking introns. 

Recombinant DNA and host cells described in 
15 Example 15 in an E. coli host were deposited with the 
American Type Culture Collection (ATCC). Rockville, Md. 
as follows: 

MHI/pEPI was deposited on January 13, 1987 
and assigned ATCC accession. number 67292. 

20 
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pEPl 


- CHL-1 


10~ 
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4-50 


8.1% 
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pEF2 


CHL-1 


2.2 
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10-* 


0 
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19 


pEPl 


293 


5 


X 


10-* 


0-28 


2.3 


20 


pEPl 


MOBK 






10-* 


0-40 


2.1 
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pEPl 


C127 


5 


X 


10-* 


0-54 


17.4 
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pEPl 


ltk" 


2 


X 


10-3 


8-34 


33.6 


23 


pEP2 


ltk" 


8.5 


X 


10-* 


0 
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pEPl 


cos"^ 


4 


X 


10-* 


0-63 


2.3 


25 


pEPl 


CHO dhfr" 


2 


X 


10-5 


0-88 


95.0 


26 


pEP2 


CHO dhfr" 


3 


X 


10-5 


0-25" 
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Although the foregoing invention has been 
described in some detail by way of illustration, for 
the purpose of clarity and understanding, it will be 
appreciated that numerous modifications may be prac- 
5 ticed within the spirit and scope of the appended claims. 
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CLAIMS ; 

1. A method for producing a desired protein 
in a eukaryotic cell comprising: 
5 (a) forming a eukaryotic dicistronic expres- 

sion vector, which vector comprises: 

(i) an intron-containing structural DNA 
sequence which codes for the desired protein, and 

(ii) a second DNA sequence which codes 
10 for a selectable protein; 

wherein the sequences are operably linked to 
one another and depend, on one common promoter; and 

(b) transfecting a eukaryotic cell witli the 
vector and allowing this cell to grow under conditions 
15 favorable to the production -of tlie selectable protein. 

2. A method according to claim 1, wherein 
the desired protein is t-PA. 

20 3. A method according to claim 2. wherein a 

portion of the structural DNA sequence Is derived from 
genomic DNA and contains at least one intron of between 
about l-2kb. 

25 4. A method according to claim 2, wherein 

the intron is Intron A. 

5. A method according to claim 1, wherein 
the desired protein is erythropoetin (EPO) . 

30 

6. A method according to claim 1, wherein 
the structural DNA sequence coding for the desired pro- 
tein is disposed between the promoter. and the second 
DNA sequence. 
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7. A method according to Claim 1 . wherein 
the promotor comprises a plurality of long term repeat 
regions of Harvey murine sarcoma virus. 

5 8. A host cell which has been transfected 

with a eukaryotic dicistronic expression vector, which 
vector comprises: 

(i) An intron-containing structural DNA 
sequence which codes for a desired protein, and 
10 (ii) a second DNA sequence which codes 

for a selectable protein; and 

wherein the sequences are operably linked to 
one another and depend on one common promotor. 

15 9. Recombinant DNA material comprising: 

(a) an Intron-containing structural DNA se- 
quence which codes for a desired protein, and 

(b) a second DNA sequence which codes for a 
selectable protein, wherein the sequences are operably 

20 linked to one common promotor. 

10. A method for producing t-PA in a 
eukaryotic cell comprising; 

(a) forming a eukaryotic expression vector 
25 that comprises a cDNA sequence, and a genomic DNA se- 
quence with at least one intron between about l-2kb 
wlierein said sequences encode t-PA; and 

(b) transfecting the cell with the vector. 

11. A method according to Claim 10, wherein 
the intron is Intron A. 

12. A hybrid t-PA gene comprising a cDNA 
sequence and a genomic DNA sequence with at least one 

35 intron between about l-2kb wherein said sequences encode 
t-PA. 
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13. The hybrid t-PA gene of Claim 12, wherein 
the intron is Intron A. 

14. An expression vector capable o£ stable 
5 maintenance in a cell culture comprising a hybrid t-PA 

gene according to Claim 12. 

15. An expression vector capable of stable 
maintenance in a cell culture comprising a hybrid t-PA 

10 gene according to Claim 13. 

16. A cell in culture containing an expres- 
sion vector according to Claim 14. 

15 17. A cell in culture containing an expres- 

sion vector according to Claim 15. 

18. A cell line and recombinant DNA material 
contained therein which is identified as MHl/pPA003 

20 (ATCC 67293) . 

19. A cell line and recombinant DNA material 
contained therein which is identified as.MHl/pPEPI (ATCC 
67292). 

25 
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